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(57) ABSTRACT

According to one embodiment, an X-ray tube including an
electron emission source which emits an electron, an anode
target which comprises a target layer emitting an X-ray by the
electron from the electron emission source, and a substrate
supporting the target layer and composed from a carbide-
strengthened molybdenum alloy, an evacuated outer sur-
rounding envelope which contains the electron emission
source and the anode target, a diffusion barrier layer which 1s
integrally formed with the substrate by a powder metallurgy
method on a part of a top surface of the substrate and 1s
composed of a high-melting-point metal lacking of carbon-
clement content compared with carbon-element content 1n
the substrate, and a thermal radiation film which 1s formed on
at least a part of a top surface of the diffusion barrier layer and
composed of metallic oxide.

18 Claims, 2 Drawing Sheets
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X-RAY TUBE AND ANODE TARGET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-095324,
filed Apr. 30, 2013, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to an X-ray
tube and an anode target.

BACKGROUND

An X-ray tube, 1n which X-rays output, comprises an
anode target. Electron beams collide with the anode target to
produce X-rays.

X-ray apparatuses incorporating the X-ray tube are utilized
for many purposes such as medical diagnosis and industrial
nondestructive testing or materials analysis.

In a rotating anode X-ray tube, electrons emitted from a
fixed cathode are accelerated and focused by a potential gra-
dient between the cathode and a rotating anode target. The
clectrons colliding with the surface of the anode target typi-
cally with kinetic energy of 20to 150 keV by the acceleration.
Thus, a focal point which becomes the source of X-rays 1s
formed on the target surface.

When such high-kinetic energy electron beams strike the
anode target, they are rapidly decelerated by the target mate-
rial, and thus, X-rays are emitted from the focal point. The
target surface comprises a metal having a high melting point
such as tungsten or a tungsten alloy. The target surface 1s
formed on a substrate (target main body) comprising a metal
having a high melting point such as molybdenum or a molyb-
denum alloy. Particularly, 1n the case of an X-ray tube for
computed tomography or angiography, which requires the
use of high-strengthened electron beams, etc., the tempera-
ture of or thermal stress on the substrate during use becomes
high. Since, a carbide-strengthened molybdenum alloy such
as titanium zirconium molybdenum (TZM) 1s employed for
the substrate. The proportion of the kinetic energy of the
clectrons striking the anode target that 1s converted into
X-rays 1s very small at approximately 1%. The rest of the
kinetic energy 1s converted into heat.

In order to easily diffuse the heat produced in an anode
target, a thermal radiation film 1s formed on a part of the top
surface of the anode target. The thermal radiation film 1s
generally formed of a metallic oxide composite such as tita-
nium oxide and alumina using, for example, the plasma-spray
technique.

However, the amount of gaseous CO and CO, produced
during use 1s large for an anode target having the aforemen-
tioned thermal radiation film formed of metallic oxide such as
titanium oxide and alumina on the top surface of a higher
carbon-element content molybdenum alloy such as TZM.
The gasses produced are gradually released into the vacuum
within the X-ray tube and ultimately allow an electric dis-
charge to occur 1n the tube. As aresult, the working life of the
X-ray tube 1s shortened.

As suggested 1n the Jpn. Pat. Appln. KOKAI Publication
No. 05-20567735, CO gas are presumed to be produced by the
chemical reaction between the carbon or metallic carbide 1n
T7ZM and the metallic oxide composing the thermal radiation
film. As a structure to prevent this reaction, the KOKAI Pub-
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lication No. 05-205675 discloses a structure of forming a
reactive barrier layer that forms carbide by the reaction with
carbon in the TZM substrate between the TZM substrate and
the thermal radiation film by the plasma-spray technique. The

KOKAI Publication No. 05-205675 also discloses a structure

of forming a protective coating that 1s thinner than the reactive
barrier layer between the reactive barrier layer and the ther-
mal radiation film 1n order to further enhance the reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exemplary diagram showing an example of an
X-ray tube according to an embodiment;

FIG. 2 1s an exemplary diagram showing an example of an
anode of an X-ray tube according to an embodiment;

FIG. 3 1s an exemplary diagram showing an example of an
anode of an X-ray tube according to an embodiment; and

FIG. 4 1s an exemplary diagram showing an example of an
anode of an X-ray tube.

DETAILED DESCRIPTION

In general, according to one embodiment, an X-ray tube
comprising: an electron emission source which emaits an elec-
tron; an anode target which comprises a target layer emitting
an X-ray by the electron from the electron emission source,
and a substrate supporting the target layer and composed of a
carbide-strengthened molybdenum alloy; an evacuated outer
surrounding envelope which contains the electron emission
source and the anode target; a diffusion barrier layer which 1s
integrally formed with the substrate by a powder metallurgy
method on a part of a top surface of the substrate and 1s
composed of a high-melting-point metal lacking of carbon-
clement content compared with carbon-element content 1n
the substrate; and a thermal radiation film which 1s formed on
at least a part of a top surface of the diffusion barrier layer and
composed of metallic oxide.

Embodiments will now be described hereinafter in detail
with reference to the accompanying drawings.

FIG. 1 shows an example of a rotating anode X-ray tube to
which an embodiment 1s applied.

A rotating anode X-ray tube 1 comprises an evacuated
outer surrounding envelope (outer chamber) 11 which 1s
formed of glass, and a cathode 12 which 1s eccentrically
positioned inside the evacuated outer surrounding envelope
11. Inside the evacuated outer surrounding envelope 11, an
umbrella like of discoid rotating body (anode target) 130 1s
provided, facing the cathode 12.

A substrate 13 of the discoid rotating body 130 1s com-
posed of a metal with a high melting point such as molybde-
num, tungsten, a molybdenum alloy, a tungsten alloy or TZM
(titanium  zircomium  molybdenum/carbide-strengthened
molybdenum alloy). The discoid rotating body 130 1s
mounted to a rotor 16 through a shait 15. A target layer 14 1s
annularly provided at a predetermined position of the discoid
rotating body 130. In the target layer 14, X-rays are produced
by collision of electron beams from the cathode 12.

The target layer 14 1s composed of tungsten or a tungsten
alloy such as a rhentum-tungsten alloy.

The rotor 16 1s rotated by the influence of a stator 17
provided outside the evacuated outer surrounding envelope
11. By the rotation of the rotor 16, the discoid rotating body
130 1s rotated. A fixed secure shaft (not shown in the figure) 1s
mounted, and a bearing provided between the rotor 16 and the
fixed secure shatt, inside the rotor 16.

On the bottom surface of the discoid rotating body 130; 1n
short, on the rotor 16 side, a diffusion barrier layer 18 and a
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thermal radiation film 19 are positioned. The diffusion barrier
layer 18 1s a barrier layer which 1s formed of a high-melting-
point metal which, compared with TZM, lacks carbon-¢le-
ment (or 1s low carbon-element), and 1s ntegrally formed
with the substrate 13 of the discoid rotating body 130, or with
the substrate 13 and the target layer 14, by the powder met-
allurgy method. The thermal radiation film 19 1s formed so as
to cover at least a part of the top surface of the diffusion barrier
layer 18 (almost whole area on the rotor 16 side), and 1s
composed of metallic oxide such as titanium oxide and alu-
mina. Specifically, the diffusion barrier layer 18 i1s pure

molybdenum whose contained mass of carbon-element 1s less
than 0.005% by weight.

In the rotating anode X-ray tube 1 of the above structure,
when the rotating anode X-ray tube 1 1s operated, electron
beams are released from the cathode 12 and strike the target
layer 14, and the target layer 14 produces X-rays. As a result
of the collision of electron beams, the temperature of the
discoid rotating body (anode target) 130 1s increased. At this
time, the above diffusion barrier layer 18 inhibits the produc-
tion of gaseous CO or CO, caused by the chemical reaction
between the carbon or metallic carbide in TZM (or molybde-
num, tungsten, a molybdenum alloy or a tungsten alloy) com-
posing the substrate 13 of the discoid rotating body 130 and
the metallic oxide of the thermal radiation film 19.

As shown in FIG. 2, the diffusion barrier layer 18 1s formed
such that the shortest distance (the thickness of the diffusion
barrier layer 18) from the top surface of the diftusion barrier
layer 18 to the substrate 13 1s greater than or equal to 1 mm.
The blocking effect of the diffusion barrier layer 18 against
the diffusion of the carbon-element contained in the substrate
13 to the thermal radiation film 19 1s naturally increased as the
thickness of the diffusion barrier layer 18 increases. However,
the mventor has confirmed that a thickness greater than or
equal to 1 mm can achieve a sufficient effect (an effect of
reducing the amount of gaseous CO or CO, produced to Vo or
less). Further, since the diffusion barrier layer 18 1s integrally
formed with the substrate 13 by the powder metallurgy
method, there 1s no possibility of removal no matter how thick
the diffusion barrier layer 18 becomes. Thus, although the
layout 1nside the evacuated outer surrounding envelope 11
should be considered, there 1s no (direct) upper limit to the
thickness (macroscopically, the thickness may exceed 1 cm).

In a case where the diffusion barrier layer 18 extends to the
outer circumierential surface of the discoid rotating body 130
(the outer circumierential rotating surface which 1s the con-
centric circle of the rotational center) as shown in FI1G. 3, orin
a case where the thickness of the diffusion barrier layer 18 1s
greater than the substrate as shown 1n FIG. 4, the thermal
radiation film 19 can be formed on the outer circumierential
surface of the discoid rotating body 130. Even 11 the thermal
radiation film 19 1s formed on the outer circumierential sur-
face of the discoid rotating body 130 has a region where the
shortest distance from the phase boundary between the dif-
fusion barrier layer 18 and the thermal radiation film 19 to the
substrate 13 1s less than 1 mm, or a region where the thermal
radiation {ilm 19 protrudes from the top surface of the difiu-
s1on barrier layer 18 and 1s directly formed on the top surface
of the substrate 13, the effect of the embodiments described
herein can be obtained provided the total surface area of the
above mentioned regions 1s less than or equal to 20% of the
surface area of the whole thermal radiation film 19. In other
words, 1t 1s possible to reduce the gaseous CO or CO, pro-
duced by the chemical reaction between the carbon or metal-
lic carbide contained in the substrate 13 and the metallic oxide
of the thermal radiation film 19.
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Thus, 1n an X-ray tube using an anode target having a
thermal radiation film of metallic oxide on a high carbon-
clement molybdenum alloy (substrate), it i1s possible to
reduce the gaseous CO or CO, produced during use and
improve the working life of the X-ray tube.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

For example, in the embodiments, a rotating anode X-ray
tube 1s explained. However, the present invention can be also
applied to a fixed anode X-ray tube. Further, the inventor has
not confirmed specifically which value less than 1 mm 1s the
lower limait of the thickness of the diffusion barrier layer 18
which can bring about the effect of the embodiments. How-
ever, 1t 1s possible to obtain this lower limait 1f time 1s 1nvested,
and 1t goes without saying that the effect of the embodiments
can be obtained by setting the thickness of the diffusion
barrier layer 18 to be greater than or equal to the obtained
lower limat.

What 1s claimed 1s:

1. An X-ray tube comprising:

an electron emission source which emits an electron;

an anode target which comprises a target layer emitting an
X-ray by the electron from the electron emission source,
and a substrate supporting the target layer and composed
of a carbide-strengthened molybdenum alloy;

an evacuated outer surrounding envelope which contains
the electron emission source and the anode target;

a diffusion barrier layer which 1s integrally formed with the
substrate by a powder metallurgy method on a part of a
top surtace of the substrate and 1s composed of a high-
melting-point metal lacking of carbon-element content
compared with carbon-element content 1n the substrate;
and

a thermal radiation film which 1s formed on at least a part of
a top surface of the diffusion barrier layer and composed
of metallic oxide.

2. The X-ray tube of claim 1, wherein the diffusion barrier
layer prevents a carbon-element component contained 1n the
substrate from reaching the thermal radiation film.

3. The X-ray tube of claim 2, wherein the diffusion barrier
layer 1s integrally formed with the substrate and the target
layer by the powder metallurgy method.

4. The X-ray tube of claim 2, wherein a shortest distance
from the top surface of the diffusion barrier layer to the
substrate 1s greater than or equal to 1 mm.

5. The X-ray tube of claim 2, wherein the diffusion barrier
layer 1s pure molybdenum whose contained mass of carbon-
clement 1s less than 0.005% by weight.

6. The X-ray tube of claim 1, wherein the diffusion barrier
layer 1s integrally formed with the substrate and the target
layer by the powder metallurgy method.

7. The X-ray tube of claim 6, wherein a shortest distance
from the top surface of the diffusion barrier layer to the
substrate 1s greater than or equal to 1 mm.

8. The X-ray tube of claim 6, wherein the diffusion barrier
layer 1s pure molybdenum whose contained mass of carbon-
clement 1s less than 0.005% by weight.
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9. The X-ray tube of claim 1, wherein a shortest distance
from the top surface of the diffusion barrier layer to the
substrate 1s greater than or equal to 1 mm.

10. The X-ray tube of claim 9, wherein the diffusion barrier

layer 1s pure molybdenum whose contained mass of carbon-
clement 1s less than 0.005% by weight.

11. The X-ray tube of claim 1, wherein the diffusion barrier
layer 1s pure molybdenum whose contained mass of carbon-
clement 1s less than 0.005% by weight.

12. An anode target comprising a target layer which emuits
an X-ray by an electron from an electron emission source, and
a substrate which supports the target layer and 1s composed
from a carbide-strengthened molybdenum alloy, the anode
target comprising:

a diffusion barrier layer which is integrally formed with the
substrate by a powder metallurgy method on a part of a
top surface of the substrate and 1s composed of a high-
melting-point metal lacking of carbon-element content
compared with carbon-element content in the substrate;
and
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a thermal radiation film which 1s formed of metallic oxide
and 1s formed on at least a part of a top surface of the
diffusion barrier layer.

13. The anode target of claim 12, wherein the diffusion
barrier layer 1s mtegrally formed with the substrate and the
target layer by the powder metallurgy method.

14. The anode target of claim 13, wherein a shortest dis-
tance from the top surface of the diffusion barrier layer to the
substrate 1s greater than or equal to 1 mm.

15. The anode target of claim 13, wherein the diffusion
barrier layer 1s pure molybdenum whose contained mass of
carbon-element 1s less than 0.005% by weight.

16. The anode target of claim 12, wherein a shortest dis-
tance from the top surface of the diffusion barrier layer to the
substrate 1s greater than or equal to 1 mm.

17. The anode target of claim 16, wherein the diffusion
barrier layer 1s pure molybdenum whose contained mass of
carbon-clement 1s less than 0.005% by weight.

18. The anode target of claim 12, wherein the diffusion
barrier layer 1s pure molybdenum whose contained mass of

20 carbon-element 1s less than 0.005% by weight.
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